There is strong evidence that inadequate physical activity (PA) leads to an increased risk of lifestyle-related diseases and premature mortality. Physical activity on prescription (PAP) is a method to increase the level of PA of patients in primary care, but needs further evaluation. The aim of this observational study was to explore the association between PAP-treatment and the PA level of patients with metabolic risk factors and the relationship between changes in the PA level and health outcomes at the 6 month follow-up. This study included 444 patients in primary care, aged 27-85 years (56% females), who were physically inactive with at least one component of metabolic syndrome. The PAP-treatment model included: individualized dialogue concerning PA, prescribed PA, and a structured follow-up. A total of 368 patients (83%) completed the 6 months of follow-up. Of these patients, 73% increased their PA level and 42% moved from an inadequate PA level to sufficient, according to public health recommendations. There were significant improvements (p 0.05) in the following metabolic risk factors: body mass index, waist circumference, systolic blood pressure, fasting plasma glucose, cholesterol, and low density lipoprotein. There were also significant improvements regarding health-related quality of life, assessed by the Short Form 36, in: general health, vitality, social function, mental health, role limitation-physical/emotional, mental component summary, and physical component summary. Regression analysis showed a significant association between changes in the PA level and health outcomes. During the first 6-month period, the caregiver provided PAP support 1-2 times. This study indicates that an individual-based model of PAP-treatment has the potential to change people's PA behavior with improved metabolic risk factors and self-reported quality of life at the 6 month follow-up. Thus, PAP seems to be feasible in a clinical primary care practice, with minimum effort from healthcare professionals.
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Introduction
There is strong evidence that insufficient physical activity (PA) is associated with increased risk of developing lifestyle-related diseases and premature death [1] . Metabolic syndrome (MetS) is not consistently defined, but includes: overweight, abdominal obesity, insulin resistance, dyslipidemia, and hypertension in various combinations [2] . The presence of MetS carries a high risk for developing cardiovascular disease and type 2 diabetes [3] . Importantly, MetS is also associated with physical inactivity, further aggravating the risk of cardiovascular events [4] .
The definition of PA is "any bodily movement produced by skeletal muscles that results in energy expenditure" and can be categorized as e.g. a household, occupational, leisure time, and sporting activity [5] . Exercise is PA with the objective to improve or maintain physical fitness components and is categorized in terms of the type, frequency, duration, intensity, and purpose [6] . The internationally recommended minimum level of PA [7] is moderate-intensity aerobic PA 150 min per week or, alternatively, vigorous-intensity aerobic PA 75 min per week, which has been associated with a clinically relevant risk reduction. Additional health benefits can be achieved by increased PA, above the national recommendation levels [8] .
Despite the evidence-based positive effects of regular PA on health, implementing PA as an integrated method of treatment in health care remains a major challenge [9] . The Swedish National Board of Health's guidelines for disease prevention methods recommend the use of individual-based dialogue, written information, training diaries, a pedometer, and structured follow-up when the patient's PA level is insufficient [10] . An example of such a treatment strategy is physical activity on prescription (PAP), which is individually tailored for each patient and prescribed for preventive and therapeutic purposes as a first-line treatment.
Meta-analyses of international PAP studies show varying results, with small to medium positive intervention effects when comparing increased PA levels with usual care. However, there is uncertainty due to the lack of high quality studies and further research is needed with more homogenized, comparable PAP interventions, longer follow-up, and objective measures of outcome [11, 12] . Swedish lifestyle interventions, including PAP, has shown to be cost-effective [13, 14] and the Swedish PAP intervention method had positive effects on PA levels, body composition, cardio metabolic risk factors, and health related quality of life (HRQOL) [15, 16] . Although scientific evidence has resulted in clinical treatment guidelines [10] and there are some evaluated Swedish PAP studies [15] [16] [17] [18] , PA is still underutilized as a treatment strategy in Swedish health care [19, 20] . There is still a lack of knowledge about PAP interventions suitable for different patient groups to improve their PA level and health outcomes. Further studies are needed evaluating clinical feasible PAP strategies on a large sample [21] [22] [23] .
In primary care in the city of Gothenburg, health care centers have implemented PAP-treatment, individualized for patients with metabolic risk factors, with the purpose of increasing the PA level and health benefits. This specific model of PAP-treatment in daily clinical work has not been evaluated and may add new insights on how the extent of the intervention affects the PA level and health status.
The aim of this observational study was to explore the association between PAP-treatment and the PA level of patients with metabolic risk factors and the relationship between changes in the PA level and health outcomes, including metabolic risk factors and HRQOL at the 6-month follow-up.
Methods

Study design
This is a prospective, longitudinal observational study with a 6-month follow-up of PAP-treatment in a daily clinical primary care practice. The present study is part of an ongoing study with a 5 year follow-up.
Study population
The study population included 444 patients, aged 27-85 years. The patients were selected as a convenience sample from 15 primary health care centers in Gothenburg center/west. The patients agreed with their health care provider to participate in the study before they were prescribed PA and were included prospectively from 2010 to 2014. The population of central/ western Gothenburg is 220 000 and has a higher socio-economic status compared with Gothenburg overall [24] . The inclusion criteria were: physically inactive, having at least one component of MetS present, and receiving PAP-treatment. The patients also had to understand the Swedish language to fill in the questionnaires.
Intervention
The patient was informed of the possibility to receive treatment with PAP by written information in the waiting room and orally by their caregiver. All authorized personnel were educated on the effects of PA according to the Physical activity in the prevention and treatment of disease (FYSS) [25] and the concept of the Swedish PAP model. Authorized personnel, mainly nurses, at the health care centers prescribed PA to the patients. The PAP included a dialogue with the patient, based on the principles of motivational interviewing (MI) [26] . Each patient's previous and current level of PA and their preferences for different kinds of PAs were elucidated. Furthermore, the patient's motivation, self-efficacy, and readiness to change PA behaviour were evaluated. This information served as the basis for the selection of the type and volume of the PA. The volume of the chosen PA was determined using the FYSS reference book, and the most suitable activity was prescribed at the appropriate relative intensity using the Borg's rate of perceived exertion scale [27] as well as duration and frequency. To help the patient to choose a suitable PA, a registry of the local supply of PA's was presented. It was possible to recommend two different types of PA in the PAP. This resulted, for each patient, in an individually tailored PA recommendation planned in dialogue with the patient and followed by a structured follow-up. The patients were offered individually adjusted support during the 6 month intervention period, either by revisits or telephone contacts.
Measurements
The measurements described below were conducted when PA was first prescribed as well as at the 6-month follow-up. PA level. The PA level was the primary outcome and four questionnaires were used due to the known complexity of PA assessments. 1. Self-assessment was according to the American College of Sports Medicine (ACSM) and American Heart Association (AHA) public health recommendations. The patient responded to two PA questions (ACSM/AHA questionnaire), where 30 min of moderate-intensity PA per day resulted in 1 point and 20 min of more vigorous-intensity PA per day resulted in 1.7 point during each specific day of the week. A value of <5 points indicated an inadequate PA level [28] . 2. The International Physical Activity Questionnaire (IPAQ) assessed the level of PA during the last 7 days. This instrument is extensively tested and translated into Swedish and can assess vigorous-and moderate-intensity PA, walking, and sitting time [29, 30] . 3. The Saltin-Grimby Physical Activity Level Scale (SGPALS) assessed leisure time PA during the past year at four different levels, from sedentary/physically inactive to vigorous physically active [31] . The levels have been validated against e.g. metabolic risk factors [32, 33] and the SGPALS has been published in an updated Swedish form [34] . 4. A six-grade PA scale, which is a further development of the SGPALS (Frändin/Grimby), was used and includes household activities [35] . This scale correlates with physical performance and self-assessed fitness and is used to classify PA among the elderly [36] .
Anthropometrics. Body weight was measured with light clothing and without shoes to the nearest 0.1 kg using an electric scale (Carl Lidén AFW D300, Jönköping, Sweden). Body height was measured in an upright position without shoes to the nearest 0.5 cm using a scale fixed to the wall (Personmått PEM 136, Hultafors, Sweden), and the body mass index (BMI) was calculated. Waist circumference (WC), to the nearest 0.5 cm, was measured in a standing exhaled position, with a measuring-tape (Kirchner Wilhelm, Aspberg, Germany) placed on the patient's skin between the lower rib and the iliac crest.
Systolic and Diastolic Blood Pressure (SBP, DBP). The SBP and DBP were measured in mmHg according to guidelines [37] after 5 min rest with the patient seated with a blood pressure sphygmomanometer (Omron HEM-907, Kyoto, Japan) attached to the right upper arm at the level of the heart.
Blood samples. Blood samples were used to measure (in mmol/l) fasting plasma glucose (FPG) after an overnight fast, triglycerides (TG), cholesterol (Chol), High Density Lipoprotein (HDL), and Low Density Lipoprotein (LDL). Values were analyzed according to the European Accreditation system [38] .
The cut-off values of MetS components. Cut-off values were according to the National Cholesterol Education Program (NCEP) classification and were: WC >88 cm for women, >102 cm for men; BP !130/85 mm Hg; FPG !6.1 mmol/l; TG !1.7 mmol/l; or HDL <1.3 mmol/l for women, <1.0 mmol/l for men [39] .
Health related quality of life. The HRQOL was assessed with the Swedish version of the Short Form 36 (SF-36 Standard Swedish Version 1.0), which includes 36 questions [40] . It generates eight health concepts: physical functioning (PF), role physical functioning (RP), bodily pain (BP), general health (GH), vitality (VT), social function (SF), role emotional functioning (RE), and mental health (MH). The health concepts were converted to 0-100 points, where higher values represented a better HRQOL. The different health concepts of the SF-36 were also grouped into a physical component summary (PCS) and mental component summary (MCS). The SF-36 has shown good to excellent internal consistency and reliability and was validated in a representative sample of the Swedish population [40] . Readiness to change the PA level. The readiness to change the PA level was measured at baseline using three questions estimated on a 100 mm visual analogue scale (VAS): How prepared are you? How important is it to you? How confident are you to succeed (self-efficacy)? The questions were derived from MI and behaviour change counseling, according to Rollninck et al. [41, 42] , where higher values on the VAS indicated increased readiness to change.
Support from the PAP-responsible nurse. The support from the nurse responsible for the PAP was assessed at the 6-month follow-up by questioning the patient about the frequency of visits at the health care center.
Statistical analysis
Interval and ratio data are presented as the mean (m) and the dispersion as a standard deviation (SD) or 95% confidence interval (CI). Nominal and ordinal data were presented as the median (md) and minimum-maximum (min-max). A per-protocol analysis was used and differences between baseline and the 6-month follow-up, within the group, were analyzed using the paired sample t-test or Wilcoxon sign-rank test, based on the data level. Subgroup analyses between women vs. men and the completed group vs. dropout group were performed using the independent sample t-test or Mann Whitney U-test. A standardized measure of effect size (d) in the within-subject comparisons (Cohen 0 s d z Â ffiffi ffi 2 p ) was reported to quantify the degree of differentiation in values between baseline and the 6-month follow-up. The effect size was considered small when d = 0.2-0.3, as medium when d = 0.5, and as large when d = 0.8 [43] .
In regression analysis, both multivariate and univariate methods were used to evaluate associations between changes in the PA level and changes in health outcomes, when adjusting for potential confounders. The predictor of interest was change in PA level, calculated as a Delta (Δ)-value (6-month value minus baseline value), and the PA level at baseline, age, sex, social situation, economy, education, and smoking were examined as potential confounders. The outcomes could be classified into two clusters. The first cluster contained Δ-values of the metabolic risk factors (BMI, WC, SBP, DBP, FPG, TG, Chol, HDL, LDL) and the second cluster contained Δ-values of self-reported health, using the SF-36 HRQOL (PF, RP, BP, GH, VT, SF, RE, MH, PCS, MCS).
Univariate multiple linear regression was used to check whether or not a change in PA was significantly correlated with the nineteen independent variables, one at a time, when all the potential confounders were considered.
Multivariate linear regression was then used to test if changes in PA were significantly associated with the two clusters (change in metabolic risk factors and change in self-rated health) and not just the specific variables in the clusters. The significance was tested using a regression-based MANOVA and test-statistic for Pillai's trace. Assumptions of normality, linearity, and outliers were checked using residual plots. All data in regression analysis were analyzed using SPSS for Windows, version 23 (IBM Corp. Armonk, NY, USA). A p-value <0.05 was considered statistically significant. The patient's contact frequency with the PAP-responsible nurse was categorized in 1-2, 3-5, 6-10, 11-20, and !21 contacts. All statistical analyses, except the regression analysis, were calculated in SPSS version 22.0 (IBM Corp. in Armonk, NY, USA). Statistical significance was set at p 0.05.
Ethical aspects
The study was approved by the Regional Ethical Review Board in Gothenburg, Sweden (Dnr 678-14).
Results
Study population
Of the 444 included individuals, 368 completed the 6 months of follow-up. The dropout rate was 17% (Fig 1) .
Baseline characteristics
The mean age of the study population was 57 years, with 56% female. Overweight/obesity was present in 91%, hypertension in 78%, and 58% had hyperlipidemia (Table 1) . Two components of MetS, WC (>88 cm for women, >102 cm for men) and BP (!130/85 mm Hg) were present in 72% and WC (>88 cm for women, >102 cm for men) and TG (!1.7 mmol/l) in 53%. At baseline, 61% were taking medications for components of MetS, including 54% for hypertension and 22% for hyperlipidemia. The PA level was estimated to be low, using all four PA instruments. A total of 36% of subjects were sedentary according to SGPALS, 80% reported PA equivalent to a 30 min brisk walk three times per week or less and 47% reported 1 time per week, according to the ACSM/AHA questionnaire ( Table 2) .
A higher proportion of women and musculoskeletal disorders and a lower level of SF-36 HRQOL were seen in the dropout group (Tables 1 and 2 ). There was a significantly lower SF-36 value, not presented in table, for BP (p = 0.048) among women compared with men in the dropout group. A lower DBP was also present in the dropout group (Table 2) .
In a subgroup analysis between men and women, inferior values were seen in metabolic health (DBP, FPG, TG, Chol, HDL) for men and in HRQOL (PF, BP, SF, RE, MH, PCS) for women at baseline (Table 3) . Physical activity on prescription patients with metabolic risk factors The three questions regarding the readiness to change PA levels were: How prepared? (mean 81.4 mm, SD 17.7 mm), How important? (mean 83.9 mm, SD 17.9 mm), and How confident? (self-efficacy) (mean 64.3 mm, SD 23.9 mm). A subgroup analyses between the completed group vs. dropout group showed significantly lower values for the dropout group regarding confidence to succeed (65.9 mm v 56.3 mm, 95% CI: 2.7-16.6, p = 0.007).
Six-month follow-up
Statistically significant positive changes were reached using all four PA instruments ( Table 4) . The most commonly prescribed PA modality overall was moderate intensity walking, 30-44 min, 2-5 times/week. At the 6-month follow-up, 270 patients (73%, d-value = 1.17) in the study group had increased their PA level, measured with the ACSM/AHA questionnaire and a total of 153 patients (42%) had improved their PA from inadequate to sufficient, according to the public health recommendations of the ACSM/AHA. There were also significant improvements in BMI, WC, SBP, FPG, TG, Chol, and LDL with small d-values except for women's WC reaching a medium d-value at the 6-month follow-up. The SF-36 showed a significant increase in 6 of 8 health concepts: RP, GH, VT, SF, RE, and MH and in the physical and mental component summary with small d-values (Table 5) . A multivariate regression analysis showed positive significant associations between changes in the PA level and the health outcomes of metabolic risk factors (Pillai's Trace = 0.063, p = 0.032) and SF-36 HRQOL (Pillai's Trace = 0.095, p<0.001) at the 6-month follow-up. Univariate linear regression analysis showed positive significant associations between changes in the PA level and the BMI (Table 6) , and the SF-36: RP, BP, GH, VT, SF, MH, PCS, and MCS ( Table 7) . The univariate regression models could only partially explain how the changes in the PA level were related to metabolic risk factor outcomes (R In a within subgroup analysis between men and women, there were improved metabolic risk factor values for both men (6 of 9 measured parameters) and women (5 of 9) at the 6-month follow-up. Increased HRQOL values were seen in 2 of 10 health concepts among men and 7 of 10 among women (Table 8) . In a between group analysis, not presented in table, women increased their PA level more than men. During the first 6 month period, excluding the start visit, 80% of the patients received PAP support from caregivers 1-2 times, either through visits at the health care center or by telephone contact (Fig 2) .
Discussion
The main results of this study were the improvements in PA level, metabolic risk factors, and self-reported quality of life at the 6 month follow-up of PAP-treatment in primary health care for 27-85 year olds, having at least one component of MetS. Multivariate regression analysis also showed positive significant associations between changes in the PA level and health outcomes, similar to previous studies [44, 45] .
To explore the association between PAP-treatment and the PA level, four self-reported questionnaires were used and all showed significant increments in the PA level. The difference measured with the ACSM/AHA questionnaire had a d value (d = 1.17) that indicated a large effect size. The finding that several PA instruments showed positive changes increases the dependability of the overall result and may be important since the concept of PA is Values are given as median (minimum-maximum). c P values were determined by a paired samples t-test for the difference between baseline and 6-months follow up. contextualized, complex and difficult to measure [46] . Two previous meta-analyses [11, 12] regarding the clinical effects of PAP-interventions also demonstrated difficulties with measuring PA due to heterogeneity in the quality and nature of the studies. In addition, several of the included studies had a fixed short-time intervention (10-12 weeks) [47] [48] [49] [50] and were linked to predetermined activities, e.g. leisure center-based or community walk programs [48] [49] [50] [51] , and not individualized to the needs and opinions of the patients. There was also uncertainty about the customized structured support and follow-up during the intervention. The lack of patientrelated individualization of the PAP-intervention may have influenced the outcome. This present study was a totally individualized intervention and the PAP-treatment consisted of individual-based dialogue with the patient, an individually tailored recommendation of PA, and customized, structured support over 6 months. The majority of the patients chose a PA to be carried out, on their own, in everyday life near their residential area or workplace. The majority of the patients received PAP support 1-2 times during the 6 month period; thus, the effort made by the primary health care workers was small and the cost was relatively low [52] . The present study showed significant improvements in the majority of metabolic risk factors, measured at the 6-month follow-up and positive associations between changes in the PA level and metabolic health outcomes. Previous PAP studies have shown some, but varied outcomes regarding metabolic risk factors [47, 49, 50] in within group analyses, but often non-significant effects in the between group analysis. Though, Kallings et al. [15] , in a Swedish PAP study among elderly subjects, showed an increase in metabolic health in both within-and between group analyses with patient-individualized PAP-intervention versus usual care. In this study, the results were even more obvious with regard to the effects on metabolic risk factors and may strengthen the individualization perspective of the PAP-treatment. The relatively small effect sizes regarding changes in metabolic parameters can be explained by the existing dose-response relationship between PA level and health outcomes [44, 45] . In this study, 42% of the patients reached the public health recommendations and the most commonly prescribed exertion was moderate intensity. A more extensive increase in PA level among the patients not reaching the public health recommendations or PA on a vigorousintensity level possibly would have increased the effect size. Physical activity on prescription patients with metabolic risk factors Even HRQOL, measured with the SF-36, was significantly improved for 8 of 10 health concepts with a small effect size (d) and five of the concepts considered clinically relevant [53] . Small differences on the SF-36 health survey (i.e. 3-to 5-points) are considered clinically important even if the effect size is estimated as small [54, 55] . Importantly, the improvements in our study were associated with changes in the PA level. Several previous PAP studies found improvements in quality of life [17, 47, 49, 51, [56] [57] [58] . However, the studies that used the SF-36 reported smaller numbers of improved health concepts, with the exception of two Swedish studies showing significant positive changes in the majority of health concepts at 6 months [59] and 2 years follow-up [60] . This study found similar changes in HRQOL, although the inclusion criteria were different. However, the amount of PAP support is only reported in the present study, where 80% of the patients received support from caregivers 1-2 times during the 6 month period.
Although univariate regression models showed positive significant associations, they could not explain all the changes in health outcomes. An increased PA level explained 3-5% of the metabolic health effects and 3-12% of the health effects in the HRQOL SF-36. However, the role of PA is difficult and complex to measure and not fully clarified due to its multifactorial effects. The relatively low correlation between changes in physical fitness and metabolic risk factors has been discussed due to exercise-induced improvements in body composition, e.g. reduced abdominal visceral fat, per se, has positive effects on the metabolic risk profile [61] . There were some differences in baseline characteristics between those who could be followed up at 6 months and the dropout group. The most interesting findings were that women with an additional musculoskeletal diagnosis and lower self-reported quality of life (BP p = 0.048), were more frequent in the dropout group. This might give an indication that some patients are in need of more enhanced support to increase their PA level or would benefit from a period of rehabilitation before or in combination with a PAP intervention.
There were some differences between men and women, within the study group, with inferior values in metabolic variables for men and HRQOL for women at baseline. At the 6 month follow-up, the women had increased their PA and HRQOL values more than men; whereas, the improvements in metabolic parameters were similar between the groups. In contrast, previous studies of lifestyle interventions have shown that men were more likely to increase their PA level [62, 63] . The most common recommendation for PAP was for PA to be carried out in everyday life (e.g. taking walks) near the subject's residential area or workplace, a recommendation which may be suitable for many women. These gender-related differences should be considered when individualizing the intervention and support for the patient. Various subgroup analyses are needed to explore the possible needs for the patient to succeed when making this behavioral change.
Limitations
The dropout rate was 17% between baseline and the 6-month follow-up, and this may be normal in this type of study [59, 64] . Importantly, the present study was a "daily clinical work" survey with ordinary primary health care patients visiting their local health care center where the personnel had no extra time to manage this part of their duties. A per-protocol analysis was used where the drop-out group was excluded from the analysis between the baseline and 6-month follow-up, a method that increases the risk of bias. Although, when using an intention to treat analysis (ITT) that includes the dropout group, there would be a risk of attributing characteristics to the patients in the dropout group that they did not have. The ITT analysis has been criticized for potentially leading to a biased treatment effect [65, 66] .
This survey was an observational, follow-up study in daily clinical practice without any control group. The lack of a control group complicates the interpretation of estimating the effects of the PAP-intervention on the increased PA level and positive health effects. However, the results in this study are comparable to other studies evaluating intervention groups in randomized controlled trials (RCTs) [15, 64] and two Swedish PAP studies without a control group that reported increased PA levels [16, 59] . Notably, a review assessing the impact of RCTs versus an observational study design revealed no differences in effect estimates (pooled ratio of odds ratios of 1.08) [67] . In addition, there are limitations of RCTs due to the possible lack of external validity resulting in non-appropriate evidence on which clinical decisions are based [68, 69] .
An observational study design requires caution concerning bias that can undermine the internal validity [70] . The study population was non-consecutively included. No data were collected for patients with the same inclusion criteria who visited the health care centers and were not included in the study. It is not possible to estimate how many patients, in total, were candidates for treatment with PAP. The risk of selection bias increases when including patients more willing to change their PA level. The patients estimated high values for how prepared they were and how important it was to increase their PA level, but lower values for the confidence (self-efficacy) to succeed. The dropout group had even lower values for self-efficacy (p = 0.007), which is predictive for exercise adherence and compliance in both the adoption and maintenance of PA among adults [71, 72] . The PAP-treatment method is patient-centered and dependent on the patient's attitude to change living habits and the health care professional's ability to evaluate what stage of change the patient is in. The PAP method probably has the most potential for patients in contemplation or preparation stages [73] .
Using multiple measurements to assess the outcomes may incur a risk for type I errors. However, multiple predefined outcomes in this study were needed to indicate several effects and they seem to be justified without the need for adjustment [74] . Measuring PA seems to be a complex issue with methodological problems due to the diversified designs of several studies [75] . Using self-reported questionnaires may increase the risk of recall or social desirability bias, but is both practical and valid [64] . In this study, we used four self-reported instruments, and all showed similar results.
Conclusions
This observational study indicated that an individual-based PAP-treatment has the potential to change people's PA behavior with improved metabolic risk factors and self-reported quality of life at the 6-month follow-up. The PAP-treatment proved to work in daily clinical primary care with educated, authorized personnel, structured routines, and readily available information for both patients and workers. If implemented widely, PAP-treatment has the potential to become an important method and may result in major health benefits for physically inactive, sedentary patients with a minimum effort from healthcare professionals. However, further research about the outcome of PAP-treatment strategies is needed regarding individualized, well-defined interventions and long term follow-up in RCTs.
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